ABSTRACT: Cirrhosis causes systemic and metabolic changes that culminate in various complications, such as compromised pulmonary function, ascites, hepatic encephalopathy, weight loss, and muscle weakness with significant physical function limitations. Our aim is to evaluate the effects of training with neuromuscular electrical stimulation (NMES) on the muscular and functional capacity of patients with cirrhosis classified as Child-Pugh B and C. A total of 72 patients diagnosed with cirrhosis will be recruited and randomized to perform an NMES protocol for 50 minutes, 3 times a week, for 4 weeks. The evaluations will be performed at the beginning and after 12 sessions, and patients will be submitted to a pulmonary function test, an ultrasound evaluation of the rectus femoris, an evaluation of peripheral muscle strength, a submaximal exercise capacity test associated with an evaluation of peripheral tissue oxygenation, a quality of life evaluation, and orientation about monitoring daily physical activities. The evaluators and patients will be blinded to the allocation of the groups. Training Group will be treated with the following parameters: frequency of 50 Hz, pulse width of 400 μs, rise and fall times of 2 s, and on:off 1:1; Sham Group: 5 Hz, 100 μs, on:off 1:3. The data will be analyzed using the principles of the intention to treat. This study provides health professionals with information on the benefits of this intervention. In this way, we believe that the results of this study could stimulate the use of NMES as a way of rehabilitating patients with more severe cirrhosis, with the objective of improving these patients' functional independence.
Introduction
The pathological process of cirrhosis causes systemic and metabolic changes that culminate in various complications, such as compromised pulmonary function, ascites, hepatic encephalopathy, jaundice, weight loss, muscle weakness, and cardiac changes with significant physical function limitations and impacts on the quality of life of individuals. 1, 2 Mechanisms to explain compromised exercise capacity in these patients include skeletal and cardiac muscle dysfunction, resulting in diminished oxygen extraction by active muscles. 3 Weight loss and muscle weakness are the most common symptoms of cirrhosis, contributing to a worse functional state. Studies have diagnosed loss of weight and peripheral muscle strength of 40% in patients with cirrhosis, showing an inverse correlation between strength and the hepatic disease severity, and affirmed that sarcopenia is a strong independent predictive factor of mortality. 4, 5 Peripheral muscle strength loss influences the capacity to exercise and levels of physical activity. Various studies report that patients with cirrhosis walk shorter distances than healthy individuals and that patients with cirrhosis have daily step counts similar to those of individuals with chronic diseases, such as chronic obstructive pulmonary disease, end-stage chronic kidney disease, and congestive heart failure; in addition to finding sedentary or inactive lifestyles in 75% of the sample, when evaluated with equipment such as accelerometers. 4, 6, 7 Low scores in surveys on daily physical activities and general health status corroborate this data, demonstrating that patients with cirrhosis need considerable assistance with their daily activities. 6 Studies that evaluate exercise protocols in this population include individuals in the initial stages, with lower severity and no complications such as ascites, esophageal varices, and encephalopathy. [8] [9] [10] [11] [12] Jones et al 4 suggested in a review that aerobic training causes improvements in muscular strength and resistance, and exercise capacity, although the analyzed studies were heterogeneous in their protocols, interventions, durations, and intensities, in addition to having small sample sizes. Also, possible adverse events and safety in these types of interventions were not evaluated or reported in these studies.
Macías-Rodríguez et al 12 concluded that a supervised physical exercise program associated with nutritional therapy improves the nutritional state and significantly reduces the hepatic venous pressure gradient in stable patients with cirrhosis when Clinical Medicine Insights: Gastroenterology compared to patients with cirrhosis treated with only nutritional therapy. This demonstrated that exercise could be an attractive approach to portal hypertension. However, the authors point out that these results cannot be applied to patients with more advanced stages of the disease.
Recently, Román et al 11 compared an aerobic exercise program of moderate intensity with a relaxation program. They found an increase in the anaerobic threshold in the cardiopulmonary exercise test, a reduction in the estimate of falls measured by the Timed Up&Go test, a decrease in fat, and an increase in muscle mass in the exercise group. However, the study had limitations such as a small sample size (n = 14 for the exercise group, and n = 9 for the relaxation group) and a low severity of the individuals: Model for End-Stage Liver Disease (MELD) (8.2 ± 0.4, 9.1 ± 0.4) and Child-Pugh (A).
Currently, neuromuscular electrical stimulation (NMES) has been suggested as an option for patients with chronic diseases, such as heart failure, 13 chronic obstructive pulmonary disease, 14 and recently renal failure. 15 Interventions of this type in these populations have shown improvements in peripheral muscle strength, 15 respiratory muscle strength, 14 and functional capacity. 14, 15 However, there are no reports in the literature of studies investigating the effects of NMES in patients with more severe cirrhosis, classified as Child-Pugh B and C.
Considering that patients with cirrhosis show systemic changes, including reduced peripheral muscle strength and exercise capacity, which affect normal daily activities, our aim is to evaluate the effects of training with NMES on the muscular and functional capacity of patients with cirrhosis classified as Child-Pugh B and C. Our hypothesis is that an NMES protocol has an effect on peripheral muscle strength, exercise capacity, peripheral tissue oxygenation, and daily life activities of patients with cirrhosis classified as Child-Pugh B and C.
Methods
The study will follow the recommendations of CONSORT 16 for clinical trials. This is a controlled, double blind, randomized clinical trial, with parallel groups. The selected patients will be split equally into training group (TG) and control group (CG). The protocol was registered on the Brazilian clinical trial platform (ReBEC) with study ID RBR-3SST2S and was approved by the ethics committee with CAAE 52887815.6.0000.0118. The study will be performed at the Hepatology Clinic at University Hospital at the Federal University of Santa Catarina (HU-UFSC) and at the Biomechanical Laboratory at the State University of Santa Catarina (UDESC) in Florianopolis, SC.
Trial Participants
The study population is composed of patients with cirrhosis classified as Child-Pugh B and C. The inclusion criteria will be: (1) patients diagnosed with histologically confirmed cirrhosis and/or by the combined clinical, image, and laboratory findings of Child-Pugh B and C patients with portal hypertension symptoms; (2) absence of acute cirrhosis symptoms (characterized by rapid onset of hepatic encephalopathy, massive ascites, gastrointestinal hemorrhage, bacterial infection, or recent hospital stay); (3) patients who do not have uncontrolled hypertension, recent ischemic heart disease, unstable angina, severe heart arrhythmia, and hepatopulmonary syndrome; (4) patients who did not use antibiotics for 7 days prior to the study; (5) patients without respiratory, orthopedic, or neurological diseases that could limit the performance of the protocol; and (6) patients who do not practice any type of physical training and have not done so for at least 6 months.
Patients will be excluded if they (1) are unable to perform any of the evaluations of the study (inability to cooperate or comprehend), (2) have significant edema in the lower limbs on evaluation day or during the treatment protocol, (3) develop a bacterial infection during the study, and (4) have clinical state decompensation during the study.
Sample Size
The sample size calculation was performed a priori using the program GPower 3.1, based on the results obtained by Brüggemann et al. 15 In the group that performed NMES, the values of right peripheral muscle strength (RPMS) and left peripheral muscle strength (LPMS) used were, for pre-training, an initial RPMS of 155. Considering an error of 5%, and statistical power of 80%, sample sizes of 32 patients for RPMS, 23 patients for LPMS, and 25 patients for exercise capacity were determined. Using the largest value of 32 patients, and increasing that by 10% to account for possible sample losses, 36 patients will be necessary for each group.
Recruitment and Randomization
All potentially eligible patients will be recruited from the hepatology clinic in the HU-UFSC, after being informed about the procedures and objectives of the study and signing an informed consent document (ICD). Randomization will be stratified by sex, using blocks of four, with the Lucky Wheel application, and performed by a non-evaluator researcher ( Figure 1 ).
Protocol
NMES of vastus lateralis and medialis will be performed bilaterally 3 times a week (12 sessions) with a duration of 50 minutes. It will be applied in a sitting position, using a dual-channel, portable stimulator (CarciFesmed IV, São Paulo, Brazil) with the following parameters: frequency of 50 Hz, pulse width of Each session will involve a warm-up period performed with 20% of the intensity used in the last session, with a gradual increase of 20% per minute until the fifth minute, followed by a training period of 50 minutes and ending with a recovery period of 5 minutes with a gradual 20% decrease in intensity per minute. The intensity during the training period will be the maximum tolerated by patients, in order to increase it incrementally at each session, and will be recorded for later calculations of the average intensity used along the duration of the training.
The self-adhesive surface electrodes will be positioned on the vastus lateralis and medialis muscles (along the direction of the muscle fibers, positioned 3 cm above the upper edge of the patella and 5 cm below the inguinal fold). Blood pressure, heart rate, and the Borg Rating of Perceived Exertion Scale 17 will be measured at the beginning and end of each session. Training will be performed by 2 trained physical therapists.
Control Group
In the CG, the electrodes will be placed in the same position as the TG, but muscular contractions will not be permitted during training and there will be no increase in current intensity. The parameters used will include a frequency of 5 Hz and on:off stimulation time with a relation of 1:3 (stimulation time of 10 seconds and rest time of 30 seconds) with a pulse duration of 100 μs. The GS will also have the same warm-up and cool-down periods as the TG, although with no increase in intensity.
Both protocols will be monitored for 1 hour.
Outcomes
The evaluators and the patients involved in this study will not know the groups to which the patients will be allocated. The evaluations will be performed at the beginning and after 12 sessions, always by the same evaluator, split into 2 parts. On the first day after signing the ICD, patients will be submitted to a pulmonary function test, an ultrasound evaluation of the rectus femoris, an evaluation of peripheral muscle strength, a submaximal exercise capacity test associated with an evaluation of peripheral tissue oxygenation, a quality of life evaluation, and orientation about monitoring daily physical activities. On the second day, the patient's venous blood will be collected.
Primary Outcomes Peripheral muscle strength
In order to measure maximum torque, an isokinetic dynamometer (Biodex System 4 Pro, New York, USA) will be used in isometric mode. The patient will be seated on a chair with Clinical Medicine Insights: Gastroenterology torso, hips and the evaluated lower limb secured by straps to avoid compensation, with the limb flexed to 85° relative to the hip, and lateral femoral condyle aligned with the rotation axis.
The maximum voluntary isometric contraction will start from 60° of knee flexion, 18 considering 0° total extension, and be held for 5 seconds with 60 seconds rest between contractions. The patient will perform 5 contractions, and from the 2 that have less than 10% variation, the larger will be used.
Exercise capacity and peripheral muscle tissue oxygenation
The patients will perform two 6-minute walk tests (6MWT), meeting the standard criteria set by the European Respiratory Society/American Thoracic Society. 19 The largest measured distance will be used for analysis, with reference values used described by Britto et al. 20 Before and after each test, blood pressure, heart rate, breathing rate, oxygen pulse saturation, and the Borg Rating of Perceived Exertion Scale (modified Borg scale) data will be collected.
During 6MWT, patients' peripheral muscle tissue oxygenation will be assessed by the near infrared spectroscopy (NIRS) method (Oxymon, Artinis®, The Netherlands). In a noninvasive, continuous, and direct way, it provides information about peripheral tissue oxygenation and adaptations caused by exercise. 21 The equipment sensor will be positioned over the lateral vastus muscle of the dominant lower limb, two-thirds the distance from the anterior superior iliac spine to the lateral border of the patella according to the SENIAM (http://www .seniam.org/) guidelines. The variables measured in real time will be oxyhemoglobin (O 2 Hb), deoxygenated hemoglobin (HHb), total hemoglobin (THb), and tissue oxygenation saturation index (TSI-%). 21 
Secondary Outcomes Rectus femoris muscle thickness
The rectus femoris muscle thickness will be measured using an ultrasonography of the thigh with BX-2000 (Body Metrix, Livermore, USA) equipment, in mode A, using the 2.5 MHz transducer. The position of the measurement will be chosen following the International Society for the Advancement of Kinanthropometry (ISAK) guidelines. 22 The patient will be seated, with hip and knees at 90°. Initially, the midpoint (MP) between the inguinal fold and the upper patella edge will be found and then the midpoint between the MP and the upper patella edge will be measured (MP1). The scan area will correspond to the distance between the points MP and MP1.
With the lower limb extended and relaxed, the transducer will be positioned perpendicular to the long axis of the thigh, at an angle of 90 degrees, in scan mode, and then slid in the proximal to distal direction between points MP and MP1 for 6 seconds, according to the manufacturer's instructions. The measurement will be obtained by means of a planimetric technique, after establishing the interior echogenic line of the rectus femoris over the still image. The area will be calculated using the average of 3 consecutive, reproducible measurements with a maximum difference of 10% between measurements. 23 
Blood markers
The variations of interleukin (IL) cytokine levels of IL-6, IL-10, and IL-1RA in serum will be measured before and after 12 training sessions. Samples of 4 mL of blood will be collected and stored in a vacutainer previously treated with lithium heparin and then centrifuged for 7 minutes (400G, 6600 r/min at 4°C) to separate the plasma. Then, aliquots of 350 μL will be stored in a freezer at −80°C, in order to measure the markers to be studied using enzyme-linked immunosorbent assay (ELISA) method kits (DuoSet® ELISA, R & D Systems, Minneapolis, MN, USA).
Pulmonary function test
Pulmonary function will be measured using a calibrated portable digital spirometer, NDD EasyOne (Zurich, Switzerland), according to the recommended methods and criteria from ATS/ERS. 24 The criteria for normal pulmonary test results will consist of forced vital capacity (FVC) and forced expiratory volume in the first second (FEV 1 ) ⩾80% of predicted value and FEV 1 /FVC ⩾0.7. 25 
Physical activity
Physical activity will be evaluated using a 3-axis accelerometer (Actigraph GTX3 Pensacola, FL, USA). Patients will be monitored for 7 consecutive days, for 12 hours each day, starting soon after waking up. They will be instructed regarding the correct positioning of the device and will receive a manual with clear instructions and figures. In addition, they will be instructed to perform their daily activities normally without any changes while using the device. 26 
Satisfaction scale
In order to evaluate satisfaction and diagnose if the patient noticed an improvement in the conditions evaluated, during the re-evaluation patients will respond to a Likert scale. This was created by the researchers and is composed of 7 questions, with 5 set, linear, ordinal answers for each, allowing the patient to express how much they agree or disagree with the specific statement in the question. 27 
Data analysis
The data will be analyzed using the principles of the intention to treat. To compare the behavior of the result variables between groups, the independent student's t test and the Mann-Whitney U test will be used. To compare the pre-and post-training averages, the repeated-measures analysis of variance (ANOVA) test and Tukey's post hoc test will be used. To show relations between peripheral muscle strength and exercise capacity, and between peripheral muscle strength and muscle thickness, the Pearson and Spearman correlation coefficients will be used. The Shapiro-Wilk test will be used to test normality of the data. A significance level of 5% (P < .05) will be used.
Discussion
It is estimated that cirrhosis results in approximately 30 000 deaths each year in the United States, out of 5.5 million cases. 28 In Brazil, the current data is limited, and in 2008, there was an estimated 0.35% of the population affected, or 350 cases per 100 000 inhabitants, with 37% of these resulting from hepatitis C, 11% from hepatitis B, and 52% from alcohol or other causes. 29 Patients with cirrhosis have peripheral muscle strength loss in both upper and lower limbs when compared to healthy individuals. Strength and muscle loss is present in 40% of patients, with sarcopenia being a strong, independent predictive factor of death. 30 Computerized tomography is the gold standard to diagnose sarcopenia, even though it is expensive and exposes the patient to radiation. 31 Tandon et al 31 demonstrated that ultrasonographies of sarcopenia are strongly associated with tomographic sections, and the authors state that an ultrasonography of the thigh is a precise, reproducible, and reliable bedside measure, without exposing the patient to radiation. The ultrasonography of the thigh is becoming a useful accessory for physiotherapy practice, as it is a safe, precise, and reliable kinesiological method. 32 Considering that cirrhosis is a progressive disease, Pereira et al 33 state that the advancement of hepatic diseases tends to further reduce the functional capacity of those afflicted, because patients with a Child-Pugh score of C had worse performance on the 6MWT compared with patients with Child-Pugh scores of A and B. Recently, Pereira et al 34 demonstrated in a survivability analysis that individuals with cirrhosis who walk a distance smaller than 410 m had a survivability rate of 55%.
Wu et al 35 found low levels of self-reported daily physical activity by means of surveys to be potential mortality risk factors in patients with cirrhosis. This analysis is a subjective measure, as demonstrated by Dunn et al, 7 who used selfreporting scales (Rosow-Breslau scale and Karnofsky performance scale) and an accelerometer (Bodymedia SenseWear Minifly ArmBand) to show that while patients had near normal daily physical activity levels on the scales, the accelerometers showed levels of inactivity and sedentarism similar to other individuals with chronic diseases. This explains our concern regarding the use of a triaxial accelerometer to evaluate daily physical activity in these patients.
Regarding studies that report peripheral tissue oxygenation variables, one study was found that evaluated 8 patients during an incremental cycle ergometer test. The results indicate that patients with cirrhosis have a limited exercise capacity due to a reduced ability to extract O 2 and not due to hemodynamic failure. According to the authors, the limitations of the study include small sample size and high variability of the etiology of cirrhosis. 3 In this way, our study contributes to the knowledge of baseline peripheral tissue oxygenation, as well as making it possible to verify if NMES is able to change this factor.
Studies that analyze and recommend exercise protocols are still few. In addition, few studies involve more severe patients. 36 Zenith et al 9 after 8 weeks of supervised aerobic training on a cycle ergometer, 3 times a week, found an improvement of Vo 2max of 5.3 mL/kg/min in the exercise group compared with the CG (ordinary care), in addition to muscle tissue increase. The study sample only involved patients with Child-Pugh scores of A and B, which are less severe in relation to cirrhosis conditions. Román et al 10 with an exercise protocol of 1 hour on a treadmill and bicycle ergometer (60%-70% of maximum functional capacity) 3 times per week for 12 weeks, combined with leucine supplements, showed an increase in exercise capacity in the exercise group, as measured by 6MWT and the Step Test, and decreased thigh circumference, as well as improved quality of life on the survey SF-36. The researchers also stated that no adverse effects were observed due to the exercise protocols, although 70% of the patients in the sample were Child-Pugh A.
Currently, the literature does not contain studies investigating the safety of aerobic exercises in patients with cirrhosis, especially those that are Child-Pugh B and C and have worse clinical conditions, and these patients are candidates for receiving alternative protocols such as NMES, which is the proposal of our project.
Recently, the use of NMES has seen an increase as an exercise for patients with chronic disease, who have muscular disorders secondary to systemic changes, such as in cardiac failure, 13 in chronic obstructive pulmonary disease, 14 and in patients with chronic kidney failure. 15 Studies have demonstrated that these populations benefit from NMES, showing improvements in peripheral muscle strength, 15 respiratory muscle strength, 14 functional capacity, 14, 15 and quality of life. 13, 14 No studies were found that consider the use of NMES in patients with cirrhosis.
The protocol of this study was created with the objective of investigating the effects of an alternative to aerobic exercise as a treatment for patients with cirrhosis, using accurate methods that have been inadequately explored to evaluate this population. Therefore, it was sought to determine the efficacy of NMES in Child-Pugh B and C patients with cirrhosis in regard to peripheral muscle strength, exercise capacity, physical activities, and peripheral tissue oxygenation. This study
